Objective: To examine available evidence for core stabilization and lower extremity strengthening during pregnancy and its effect on pregnancy-related low back pain (PLBP) and pregnancy-related pelvic girdle pain (PPGP). Study Design: Systematic review. Background: Currently, there is no standard of care for PLBP and/or PPGP. Interventions are varied and may include activity modifi cation, exercise, mobilization, aquatics, chiropractic care, acupuncture, bracing, and positioning. There is moderate research to support the use of any of these methods but none conclusively states one technique as superior.
Ligamentous laxity, weight gain, and lumbar hyperlordosis may contribute to the low back and pelvic girdle pain that is so prevalent in this population. 1 Pregnancy-related low back pain (PLBP) or pregnancy -related pelvic girdle pain (PPGP) refers to pain of musculoskeletal origin that is not associated with or caused by gynecologic or urologic pathology. 2 It is estimated that nearly 50% of women report low back and/or pelvic girdle pain during pregnancy, and another 25% to 30% experience the same symptoms after delivery. 1 , 3 -6 A review by Sabino and Grauer 7 reported incidences of PLBP affecting 50% to 80% of the population, with 85% of those affected at risk for recurrence during a subsequent pregnancy.
The exact causes of PLBP and PPGP is unclear, and there is much speculation about which characteristics contribute to or infl uence its onset. Traditionally, the most commonly implicated factor is biomechanical stress due to a change in pelvic and spinal alignment, joint laxity, and weight gain. 1 , 8 Specifi c muscle weakness about the proximal hip and abdominal and lumbosacral regions may contribute to impaired core stability and thus, altered postural alignment, decreased ability to withstand stress, and disruption of normal gait pattern and velocity. 9 -11 Vascular contributions may include aortic compression or a decrease in hormonally mediated force-closure, which could also contribute to biomechanical changes. 12 One alternative theory states that low back pain may not be due to a change in lumbar spine position but rather a preexisting excessive lordosis, which may predispose women to low back pain in pregnancy. 12 It is also proposed that the discomforts of pregnancy may be protective in nature, heightening a woman's awareness of her body to prevent overuse and injury. 12 The etiologies of PPGP and PLBP are poorly understood, and symptoms of these conditions vary greatly with regard to onset, duration, intensity, location, and nature of pain. Pregnancy-related low back pain typically refers to activity-related discomfort about the lumbar spine with or without radiation into the lower
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extremities. According to 2 studies, 12 , 13 the onset of symptoms may occur as early as 16 weeks' gestation or as late as 3 weeks postpartum. In addition, the greatest symptom intensity for women who experienced pain occurred toward the end of the second trimester.
Pregnancy-related pelvic girdle pain, however, is much more complicated and has been subject to debate. Historically, it has been included under the diagnosis of low-back pain, but research has identifi ed a need for these 2 complaints to be examined and treated individually. 12 Although guidelines proposed by Vleeming et al 14 still consider PPGP a type of PLBP, they suggest that PPGP may occur separately or concomitantly with PLBP, as the symptoms differ from a typical PLBP presentation. They defi ne PPGP as pain of musculoskeletal origin between the levels of the posterior iliac crests and gluteal folds involving the anterior and/or posterior aspects of the pelvis that may radiate into the posterior thigh and may or may not be concurrent with low back pain. 14 Although the use of the term PPGP has been widely inconsistent and misunderstood, this defi nition appears to be the most descriptive and accurate with regard to symptom origin, level, and location. Alternatively, other studies 2 , 15 , 16 agree that PPGP is altogether a separate condition, and PLBP must be treated separately or ruled out before diagnosing PPGP.
In the past, PLBP and PPGP were regarded as mere side effects of pregnancy. However, recent awareness of these conditions has allowed women to feel acknowledged and has sparked discussion among health care professionals concerning treatment. 13 Proposed interventions that address the biomechanical causes of stress include activity modifi cation, exercise, joint and soft tissue mobilization, aquatics, chiropractic care, acupuncture, bracing, and positioning. There is some research to support the use of any of these methods, but none conclusively states one technique as superior.
One survey conducted by physical therapists in 1999 reported that therapy was generally benefi cial in the reduction and management of PLBP and PPGP symptoms. 17 Vleeming et al 14 found that there is no strong evidence for or against the use of physical therapy in the treatment of PLBP or PPGP because of the heterogeneity and variable quality of existing studies. However, they did fi nd that customized individual exercise programs (ie, via physical therapy) are more benefi cial than generalized group exercise or no treatment whatsoever. 14 Regarding muscle strengthening, Richardson et al 18 found that local stabilizers, specifi cally the transversus abdominis muscles, are more effective to reduce the laxity of the lumbopelvic and sacroiliac joints than global stabilizers alone. Further studies show that independent activation of the transversus abdominis muscles reduces low back pain and its recurrence rate. 12 , 18 -20 Conversely, Moffett et al 21 found that a community exercise program that focused on general muscle strengthening, stretching, and light aerobics was effective at reducing low back pain symptoms as much as 1 year after treatment. Exercise in pregnancy was once believed to be potentially dangerous to fetal health. Women were encouraged to minimize physical exertion and bending activities that might compress the fetus. 22 However, in recent years, the American College of Obstetricians and Gynecologists has determined that exercise in uncomplicated pregnancies is not associated with adverse fetal effects. 23 When considering specifi c interventions, Elden et al 24 found that physical exercise and acupuncture have no serious adverse effects on pregnant women or their fetuses, compared with passive treatment providing information, a support belt, and a home exercise program.
Because of the variability in experimental design across studies, it is diffi cult to conclude the best treatment for PLBP and PPGP. Therefore, the purpose of this review was to critically examine the available evidence to conclude ( a ) whether exercise during pregnancy is effective in reducing symptoms of PLBP and/ or PPGP and ( b ) specifi c recommendations for type of exercise, exercise frequency, and exercise intensity in the management of PLBP and PPGP. Secondarily, the results of this review will help clinicians make an informed decision regarding treatment or the best practice. For the purpose of this review, exercise includes tailored physical therapy intervention as well as individual or group-based fi tness programs.
METHODS AND MEASURES
A literature search was conducted to identify studies examining the effects of exercise on PLBP and PPGP. Databases examined include PubMed, the Cumulative Index to Nursing and Allied Health Literature, the Cochrane Library, MEDLINE, Google Scholar, and ProQuest. The following search terms were used in any combination: pregnancy, pregnant, pain, low back, pelvic, sacroiliac, prenatal, antenatal, aquatic, pool, aquatherapy, hydrotherapy, water, exercise, physical activity, intervention, lumbopelvic, lumbosacral, physical therapy, and physiotherapy. Each of these terms was used individually or with the conjunction "and" or "or" or separated by a comma. No publication date restrictions were specifi ed because of limited availability of research on this topic. Studies met criteria for inclusion if they contained at least 1 study group that participated in physical therapy or group or individual fi tness program during pregnancy and a comparison intervention or control group. Research involving aquatic fi tness or therapy was included because of the potential relieving effects of deep-water decompression, universal resistance for strengthening, and supportive environment. Characteristics examined had to include complaints of low back or pelvic girdle pain with measures of intensity, and studies needed to be available in the English language. Because of the limited availability of research, some studies were chosen that lacked group randomization and/or inclusion of a control group. Studies were further excluded if pain intensity was assessed only postnatally.
Initially, titles and abstracts were read to determine which studies would potentially meet the standards for inclusion. After preliminary searches were completed, the appropriate studies were read in depth by one reviewer (Dr Lillios). In addition, the references of each study were cross-examined in an attempt to identify others that would be useful. Studies meeting the inclusion criteria were accepted for quality assessment and data extraction. If there was a question regarding the appropriateness of any of the studies, a second reviewer (Dr Young) was consulted and the 2 reviewers (Drs Lillios. and Young) discussed the studies in question until a consensus was reached on appropriateness.
Quality assessment was done using the Physiotherapy Evidence Database (PEDro) scale, which has been shown to have "fair" to "good" reliability. 25 It scores studies on the basis of 11 criteria, where the fi rst criterion infl uences the article's external validity. The remaining 10 items evaluate the study's internal validity. If a criterion is met, the study receives a score of 1 on that particular item. Since the external validity of the study has no effect on its internal or statistical validity, the fi rst criterion is not counted in the fi nal score. 26 However, if the study does not have good external validity, the reader must understand that the results of that study may not be generalizable to another population and should use caution when interpreting the results. A higher PEDro scale score indicates better quality of the research article.
Each article underwent the earlier-described quality assessment. The data extracted for descriptive purposes included the gestation and age of the participants, length of the study, nature and location of reported pain, interventions provided, and the study outcomes and longevity of those outcomes.
RESULTS
Fourteen studies were identifi ed as having potential for inclusion by reading the title and abstract; however, in-depth examination of the studies revealed that only 7 of them met the inclusion criteria. 4, 6, 16, 19, 20, 24, 27 The most prevalent reasons for exclusion were as follows: (1) low back and/or pelvic girdle pain was not a primary outcome characteristic and (2) pain was assessed only after delivery. Four of the included studies were randomized controlled trials, 4 , 6 , 20 , 24 2 were quasi-experimental designs lacking randomization, 16 , 27 and 1 was a randomized clinical trial lacking a true control group. 19 The 7 selected studies scored a mean of 6.29 points on the PEDro scale, ranging from 5 to 8 points individually ( Table 1 ). The following scoring reference was developed by Walser et al 28 to identify the articles with the highest methodological quality: 0 to 4 points: poor quality; 5 to 6 points: fair quality; 7 to 10 points: high quality. Given this reference, the studies scored from fair to good in methodological quality.
The authors chose random allocation, blind assessment, adequate follow-up, and intention-to-treat analysis as the most important PEDro criteria, which will help determine each study's impact on clinical practice. Of the 7 studies in this review, only 1 24 met all 4 of these criteria, indicating that its score of 8 is quite meaningful. This study received the highest score among those chosen for this review and should be viewed as having the highest quality. Five studies 4, 6, 16, 19, 20 met 3 of the aforementioned criteria, and 1 27 was lacking both random allocation and adequate follow-up. This fi nal study should be seen as having the lowest quality. Four studies achieved an overall score of 6, and each of them met only 3 of the more important criteria, although each varied with regard to which component was missing.
Data extraction revealed a variability of study design and outcome measures that made comparison across studies diffi cult ( Table 2 ). Some component of pain or discomfort was analyzed in each study; however, not all of them examined intensity, and there was little consistency regarding location (back, low back, pelvis, and symphysis pubis). Every study included an exercise intervention that targeted similar muscle groups for stretching and strengthening, with the exception of 2 studies that did not report specifi c exercises or targeted muscle groups. 4 , 6 The frequency and duration of each selected intervention also varied signifi cantly, ranging from 1 to 3 times weekly and from 2 to 30 weeks in duration. Most studies had a postpartum follow-up measurement: 2 collected data at 6 and 12 months postpartum, 16 , 20 1 included a 3-month follow-up, 16 and 2 others recorded data 1 week postpartum. 4 , 24 All the studies reported reduction in the intensity or presence of pain in the intervention groups compared with that in the control group, but this measurement was signifi cant only in 5 of the 7 studies. 4, 6, 19, 24, 27 In addition, studies that examined other outcomes reported benefi ts with exercise, such as decreased lordosis, 6 fewer days of sick leave, 4 , 19 and improved mobility. 27 The study by Elden et al, 24 which specifi cally measured PPGP, reported significant pain reduction in both the stabilization-exercise and acupuncture-treatment groups when compared with the control group. All 3 studies measuring low back pain reported signifi cant improvements compared to the control or alternate intervention, 4 , 6 , 19 and the pilot study by Smith and Michel, 27 which did not specify type of pregnancy-related discomfort, reported decreased general discomfort in the intervention group. Granath et al 19 compared the effects of land-based exercise with those of waterbased exercise and found a signifi cant decrease in low back pain in the aquatic group but not a signifi cant change in pelvic girdle pain. Nilsson-Wikmar et al 16 and Haugland et al 20 found no signifi cant changes in PPGP intensity or location or activity ability when compared to either the control or an alternate intervention. Both showed that symptoms reduced with time in all groups. It is important to note that none of these studies found interventions to adversely affect women or their fetuses or both.
DISCUSSION

Methodological Quality
The 4 PEDro criteria of random allocation, blind assessors, adequate follow-up, and intention-to-treat analysis were chosen by the authors as being most valuable for evidence-based practice. These conditions are important if a clinician hopes to incorporate research-based treatment methods into clinical practice; if these are not met, the validity of a study's outcomes is in question. Randomization ensures that every study participant has the same chance of being allocated to a treatment or a control group. It also helps maintain the homogeneity of the samples with respect to different variables. Blind assessment ensures that the data were not impacted by the assessor's knowledge of a particular treatment, protocol, or other bias. Adequate follow-up is important to determine whether or not a treatment outcome is sustainable, or it is only the short-term result of the given intervention. An intention-to-treat analysis is required to avoid biases regarding outcome due to protocol violation or differences in group composition. Data must be reported on the basis of how participants would have proceeded, regardless of reason for noncompletion or deviation from protocol. Otherwise, randomization is not preserved and necessary deviations or omissions cannot be included in the fi nal data, which may skew the results. 29 The studies by Elden et al 24 and Garshasbi and Zadeh 6 had the highest scores on the PEDro scale and met most or all of the criteria selected by the authors, which makes them most appropriate for clinical application. The study of Garshasbi and Zadeh 6 was missing an intention-to-treat analysis, which may have altered the comparability of the control and treatment groups or caused a misrepresentation of the treatment effectiveness. The lowest-scoring study 27 did not have random allocation or an adequate follow-up period, among other missing PEDro criteria. To prevent participants from losing interest in the intervention, Smith and Michel 27 allowed the women to self-select either the control or aquatic-treatment group. This is problematic because the women were not randomized and likely selected a preferred treatment for which they had preconceived expectations. This introduces potential for selection and/or confi rmation bias, where subjects select to participate on the basis of interest in the treatment or report relief of symptoms on the basis of their preconceptions about the intervention. In theory, random allocation maintains an equal number of participants in favor of, and ambivalent to, the allotted intervention, thus not affecting the study's internal validity. This study should be interpreted cautiously and is not recommended as a basis for evidence-based practice.
Interventions
Consistent with current intervention recommendations for low back and pelvic girdle pain, most of the studies in this review focused their interventions on strengthening the lumbopelvic and abdominal regions and the stretching of the lower extremities and lumbar paraspinals. 1 , 30 -32 Elden et al 24 focused their intervention on strengthening of the deep local lumbopelvic stabilizers, as well as the more superfi cial core muscles for improved mobility, strength, and endurance. Garshasbi and Zadeh 6 were more general in their approach, focusing on abdominal and hamstring muscle strengthening and stretching of the iliopsoas and paravertebral muscles. The other studies directed their interventions to more global core strengthening, with emphasis on the major muscle groups of the trunk and lower quarter. 4, 16, 19, 20, 27 As suggested by Richardson et al, 18 emphasis on local stabilizers, which includes the deeper muscles of the transversus abdominis and multifi di, is necessary to achieve reduction in low back and pelvic symptoms. However, strengthening of the larger, more global muscle groups should not be neglected, as this will impact functional mobility and endurance. 14 , 18 Many of the studies did not carefully discern between general exercise for fi tness and specifi c exercise as prescribed by a physical therapist to treat an individual's symptoms. It is presumed that the women in each study were given the same set of exercises in an attempt to control additional variables. However, because no case of PLBP and PPGP is exactly identical, a standard set of exercises may not be appropriate for all participants. As previously mentioned, specifi c exercise individually adapted by a licensed physical therapist has the most effect 14 ; however, other studies using group or individual fi tness programs also report improvement. 17 , 21 Perhaps, a prospective study directly comparing the outcomes of group or individual exercise for general fi tness with the outcomes of tailored intervention as prescribed on the basis of symptom classifi cation would be benefi cial to determine which approach is more effective for reducing PLBP or PPGP.
In addition to muscle strengthening, 2 of the studies 16 , 19 included aerobic exercise, which is important for cardiovascular health. 23 The American and Canadian guidelines encourage women with uncomplicated pregnancies to participate in regular aerobic and resistive exercise or physical activity as part of a healthy lifestyle. 23 , 33 This, of course, is recommended with specifi c considerations or modifi cations regarding the nature, intensity, and duration of the activity but is considered to have minimal adverse effects on mothers and their fetuses. Regular combined aerobic and resistive exercise may impact a pregnant woman differently than resistive exercise alone; however, further research is needed to address this.
The 7 studies in this review had mixed results regarding the reduction of PLBP and/or PPGP. 4, 6, 16, 19, 20, 24, 27 Although all studies reported improvements in pain or discomfort, 2 were not signifi cant when compared to the control. 16 , 20 Those 2 studies examined PPGP, including symphysis pubis pain, and reported pain reduction with time in all groups. However, Elden et al 24 found signifi cantly decreased PPGP and improvement with provocation testing following treatment in both intervention groups (exercise vs acupuncture). Similarly, Garshasbi and Zadeh 6 demonstrated that the intensity of PLBP decreased signifi cantly after strengthening the abdominal and hip extensors whereas it worsened in the control group.
Treatment Frequency and Length of Session
There was signifi cant variability regarding frequency and duration of exercise programs among the studies chosen for this review. In 4 studies, 4 , 19 , 20 , 24 the participants met once weekly; in the remaining studies, 6 , 16 , 27 they participated 2 to 3 times per week. Each recorded exercise session ranged from 1 to 2 hours in length, and 1 study 16 did not report the length of time designated to exercise. Looking at the highestquality studies, 6 , 24 exercise was conducted 1 to 3 times per week for 1-hour sessions. Although exercise during pregnancy certainly requires modifi cations in intensity and duration, Davies et al 33 recommend that previously sedentary women can participate in aerobic exercise for 15 minutes 3 times per week and work up to 30 minutes 4 times per week. The American College of Obstetricians and Gynecologists recommends moderate-intensity (rate of perceived exertion: 12-14 on a 6-20-point scale) resistance/fl exibility training and aerobic exercise, individually or in combination, for 30 minutes per day, 4 or 5 days per week for women with uncomplicated pregnancies. 23 This is the same frequency recommended for women who are not pregnant. 23 Granath et al 19 justifi cation for reducing exercise frequency to 1 time per week that the American College of Obstetricians and Gynecologists guidelines are unrealistic. As in any study with human subjects, there is a delicate balance between maximal participation and minimal inconvenience to the participants. In this case, ideal conditions would require subjects to be present for treatment 3 to 5 times per week, which would potentially strengthen the results and show greater change in PLBP and PPGP symptoms. However, it would also be a signifi cant commitment for most people and would certainly increase the dropout rate, which would limit the data for analysis and affect the internal validity of the study. This paradox may explain the variability of treatment frequency in this review. It would be interesting to see how outcomes are affected if future studies adhere to the recommended guidelines more closely with their prenatal participants.
Land Versus Aquatic Exercise
Aquatic exercise has been shown to have both physiological and psychologic benefi ts for women during pregnancy and postpartum. These include decreased joint compressive forces, improved edema management, increased blood volume and cardiac output, 34 increased diuresis, 7 , 34 , 35 improved control of weight gain, 36 decreased back pain, 4 and reduced postpartum depression. 16 , 35 Granath et al 19 compared land-based exercise with aquatic exercise and the effect on the presence of either PLBP or PPGP. The authors reported that the aquatic intervention group experienced signifi cantly fewer incidences of low back pain and sick leave. However, they did not report the number of women in each group complaining of low back pain before treatment, so it is questionable whether or not there was actually reduction or if the groups were not statistically similar with regard to low back pain in the fi rst place. There was no signifi cant difference between the groups concerning pelvic girdle pain, but the same concept applies. The reader nefeds to know what percentage of women in each group reported pelvic girdle pain at inclusion to determine whether there was signifi cant improvement.
Granath et al 19 also did not quantify pain intensity, which would have been an important characteristic in a study comparing land-and water-based treatment. When attending a previously scheduled physician appointment, women experiencing pain were seen by a therapist to classify the pain as either PLBP or PPGP. This classifi cation does not discriminate between disabling pain and manageable discomfort. Water-based exercise has many potential benefi ts, including muscle relaxation, decreased load on weight-bearing structures, spinal decompression, and resistance training with reduced intensity. 8 , 30 Each of these potential benefi ts may reduce pain intensity without necessarily providing complete relief, which may be just as desirable for women experiencing severe PLBP or PPGP. Including pain intensity as an outcome in this study would have served to strengthen the results and their clinical application.
Limitations
Limitations to this review include the overall quality of the studies selected and the parameters set by the authors regarding language. The studies ranged from fair to good quality and varied greatly in their approach. The results would be more credible if each of the studies was a randomized study with concealed allocation and presented statistical data with an intention-to-treat analysis and measurements of variability. The number of studies that could be used was somewhat restricted by the need for each study to be available in the English language. Few other studies were identifi ed as having potential for inclusion, but they required translation from the original language. Perhaps these studies would have improved the overall quality of the research presented in this review, so additional resources would need to be secured in order to complete an exhaustive review on this topic.
Future Research
Further research is needed to conclusively determine whether there are signifi cant benefi ts of exercise during pregnancy in the prevention and treatment of PLBP and/or PPGP. Existing research on this topic is of fair to good quality at best and has so much variability in outcome measures and treatment parameters that a meta-analysis is nearly impossible. An ideal study would examine PLBP or PPGP in a large sample over a defi ned period of time, with at least 1 postpartum follow-up. Treatment groups would include land-based exercise, aquatic exercise, and a true control with no intervention or instead compare group fi tness with individual participation. Proposed interventions would be similar in targeted muscle groups, intensity, duration, and repetitions but be prescribed and performed on an individual basis. Finally, an objective measure of pain intensity would be the very minimum outcome with blind assessment.
CONCLUSION
Currently there is no conclusive evidence to support exercise as the standard treatment for PLBP and/or PPGP. Neither does there appear to be a consensus within the fi eld of physical therapy on the most effective treatment approach for PLBP or PPGP. Exercise has been shown to have some benefi cial effects on pain intensity, although not all studies in this review reported signifi cant changes in comparison to the control groups. Furthermore, fair methodological quality, variability in study design, and lack of protocol or exercise recommendations do not afford high credibility of the results. The studies in this review, however, do not report any negative outcomes in the use of exercise during pregnancy. It has been recommended that specifi c exercise incorporating local and global stabilizers and tailored according to an individual's needs will have the most impact on PLBP and PPGP symptoms. 14 With appropriate modifi cations in exercise intensity, duration, and frequency, physical therapists may safely incorporate core and lower extremity strengthening into a plan of care for pregnant women, without fear of adverse effects. ❍
